ABSTRACT: Four ruminally cannulated Holstein heifers (287 f 26 kg) in a 4 x 4 Latin square were used to evaluate the effects of naloxone injection and forage level on dietary intake, ruminal fermentation characteristics, digestibility, and plasma hormone and metabolite concentrations. Treatments were arranged in a 2 X 2 factorial with naloxone injection ( 0 vs .3 mg/ kg; saline vs naloxone, respectively) and forage level (20 vs 100%; concentrate vs forage) as factors. Stanchioned heifers were allowed 21 d for adaptation before a 5-d collection period. Plasma samples were collected several times on d 1 and daily at 0730.
Introduction
Ruminant livestock production, from a nutritional standpoint, can be viewed as a function of intake and efficiency (both metabolic and digestive; Grovum, 1986) . Intake may be controlled by several factors, including ruminal fill and chemical and physiological factors (Grovum, 1986) . Ruminal fill, as an intake regulator, is most commonly associated with ruminants consuming a high-forage diet. Ruminal J. h i m . Sci. 1995 Sci. . 73:2677 Sci. -2686 distension is important in the intake equation but probably is not the sole factor in regulating intake of forage diets (Forbes, 1986; Miner and Baile, 1991) . Recent work (Stanley et al., 1993) evaluating total space available in the rumen has also called into question the importance of ruminal fill in intake control.
Chemical factors involved in intake regulation include brain peptides. Brain peptides can be divided into two distinct groups, those that elicit satiety and those that stimulate feeding. The first group includes cholecystokinin ( CCK), which is implicated in the inhibition of feed intake (Della-Fera and Baile, 1984) . The second group includes opioid peptides, including enkephalines, endorphins, and dynorphins, which are thought to be involved in initiating the feeding response. Naloxone is an opioid receptor antagonist. Naloxone has reduced feed intake effects of opioid peptides in sheep fed concentrate diets . The majority of research conducted with naloxone and its effects on intake regulation have been performed in sheep or rats. Because of the central role of intake in livestock production, understanding its regulation is of considerable economic importance. Very little work involving opioid systems and intake has been conducted with cattle consuming high-forage diets. Objectives were to evaluate the influences of naloxone injection and forage level on intake, ruminal fermentation, nutrient digestibilities, digesta kinetics, and plasma hormone and metabolite concentrations in dairy heifers fed forage-or concentrate-based diets.
Materials and Methods

Experiment 1
Four ruminally cannulated Holstein heifers (287 k 26 kg) were stanchioned and arranged in a 4 x 4 Latin square. The four experimental periods each consisted of 21 d of adaptation and 5 d of collection. Treatments were arranged in a 2
x 2 factorial with naloxone injection ( 0 vs .3 mgkg BW daily; saline vs naloxone, respectively) and diet type (forage vs concentrate) serving as factors. Therefore, treatments were 80% concentrate diet plus saline injection, 80% concentrate plus naloxone injection, 100% forage (6.2% CP) plus saline injection, and 100% forage plus naloxone injection. Forage source in the concentrate diet was the same hay used in the 100% forage diet. The concentrate diet was formulated as a high-energy diet to ensure that fill would have a minimal influence on intake regulation (Table 1) . The forage diet (chopped through a 10-cm screen) was a high-fiber, lowerquality diet (Table  1) ; therefore, fill would be expected to influence intake. Heifers had free access to trace mineralized salt (minimum 98 g of NaCl, 350 mg of Zn, 280 mg of Mn, 175 mg of Fe, 35 mg of Cu, 7 mg of I, and 7 mg of C0/100 g). Heifers were given an intramuscular injection of vitamins A, D, and E (100,000 IU of A, 150,000 IU of D3, and 10 IU of E ) before the study. Diets were offered for ad libitum intake for 20 h each day (0800 to 0400). Cannulation techniques were approved by the institutional animal care and use committee. Postoperative care consisted of both topical application and intramuscular injection of antibiotics as outlined by Caton et al. (1987) . On the day before the collection period, heifers were fitted with jugular catheters to facilitate blood sampling and administration of naloxone and saline.
Feed was removed at 0400 for 2 d before and throughout the 5-d collection period. Naloxone was administered at 0730 each day of the collection period and fresh feed was offered at 0800. Feed weights were recorded at 1, 2, 4, 8, 12, and 24 h after feeding for 5 d. Forage orts were weighed and subsampled each morning. Concentrate orts were weighed, collected in their entirety, and subsampled at a later date using a sample separator. In addition, 24-h water intake was measured with water meters (Northern Water Works, Fargo, N D ) during the 5-d collection period. Fecal output was estimated using Cr203 as an indigestible marker. Eight grams of the marker was dosed in 30-mL gelatin capsules through the ruminal cannula twice daily at 0800 and 2000 beginning 5 d before the beginning of collection and concluding on d 5 of collection. Fecal grab samples were collected at 0800, 1200, 1600, and 2000 daily during the 5-d collection period. Fecal samples were dried (50°C 1, ground to pass a 2-mm screen, and composited within animal within period on an equal dry weight basis.
Blood samples were collected on d 1 of each sampling period at -2, -.5, 1, 2, 4, 8, 12, and 24 h of feeding. Blood samples were drawn at 0730 (equivalent to the -.5-h sampling time) on the remaining 4 d. All blood samples were collected in 10-mL tubes containing EDTA as an anticoagulant. Samples were refrigerated until centrifuged (1,520 x g ) at 4°C for 30 min. Plasma was then decanted into 16-mm x 100-mm Pyrex tubes and stored frozen ( -2OOC). On d 1 of each sampling period ruminal samples were collected at -2, 0, 1, 2, 4, 8, 12, and 24 h with respect to feeding. Ruminal contents were immediately analyzed for pH with a combination electrode (Orion SA 230). Contents were then strained through four layers of cheesecloth, acidified with 7.2 N H 2 S O 4 ( 1 mU100 mL of fluid), and stored frozen ( -2OOC). Each sample was measured for VFA and ammonia concentrations. Cobalt EDTA (Uden et al., 1980; 200 mL) , used as a fluid passage rate marker, was dosed through the ruminal cannula on d 1 of each collection period at 0600. On the day after the last day of the collection period, rumens were evacuated to get an actual measurement of ruminal fill. Ruminal contents were completely removed, placed into garbage cans, weighed, mixed, subsampled, and placed back into the rumen.
Experiment 2
Twelve Holstein heifers (339 k 34 kg) were stanchioned and arranged in a split plot to evaluate the effects of naloxone injection on intake of a forage diet. The first period consisted of 21 d of adaptation and one collection day. The second collection day occurred 1 wk after the first. Treatments were 100% chopped (10-cm screen) forage (5.7% CP, 72% NDF, 50.5% ADF, and 7.1% ADL) plus saline injection and 100% forage plus naloxone injection ( . 3 mgkg BW). Diets were offered for ad libitum intake for 20 h (0800 t o 0400). Heifers were given an intramuscular injection of vitamins A, D, and E (1,000,000 IU of A, 150,000 IU of DB, and 10 IU of E/mL) before the project began. Heifers were fitted with jugular catheters the day before the first collection day. Jugular catheters were maintained during the week between the two collection days. Feed was removed at 0400, 2 d before and on the collection days. Naloxone was administered at 0730 on both collection days and fresh forage was offered at 0800. Feed weights were recorded at 1, 2, 4, 8, 12, and 24 h after feeding.
Laboratory Analyses
Feed, orts, and fecal samples were analyzed for DM, ash, CP, ADF (AOAC, 1990), and NDF (Robertson and Van Soest, 1981) . Feed samples were also analyzed for ADL (Robertson and Van Soest, 1981) . Soluble N was determined on hay samples by the . l 5 M NaCl procedure of Waldo and Goering ( 19 7 9). Acid detergent insoluble N was determined as the N contained in the ADF residue. Chromium concentration, after preparation of fecal samples (Williams et al., 1962) , was determined by atomic absorption spectrophotometry (Model 460, Perkin Elmer, Norwalk, CT) using an air-acetylene flame. Volatile fatty acid concentrations were determined in ruminal samples by gas chromatography (Shimadzu GC 9A, packed column using nitrogen gas, 140°C) using 2-ethyl butyric acid as the internal standard (Goetsch and Galyean, 1983) . Ruminal ammonia was measured spectrophotometrically (Broderick and Kang, 1980) . All blood samples were analyzed for growth hormone ( GH), insulin, glucose, and urea N. Blood samples collected once daily were analyzed for nonesterified fatty acids ( NEFA). Growth hormone concentration was determined by RIA (Norton, 1995) . Plasma insulin concentration (Norton, 1995 of variation for low and high laboratory urea N (milligrams/deciliter) standards were 6.11 f 1.99, 5.74 k 7.09, 12.38 f 4.14, and 13.07 k 0.0% CV, respectively. The acyl Co-A synthetase/acyl Co-A oxidase method (NEFA C, Wako Pure Chemical Industries, Richmond, VA) was used t o determine plasma NEFA. For NEFA (milligrams/deciliter), within and across assay means and coefficients of variation for laboratory standard samples were 1.06 k 4.33 and 1.01 k 7.59% CV, respectively.
Fecal output was estimated by dividing grams of chromium dosed by chromium concentration in the feces, gramdgram of DM (Williams et al., 1962) . Cobalt concentration was determined on ruminal samples collected 2, 4, 8, 12, and 24 h after feeding using an atomic absorption spectrophotometer (Model 460 Perkin Elmer, Norwalk, CT) with a n airacetylene flame (Uden et al., 1980) . The natural log of the cobalt concentration was plotted against time to obtain the slope and intercept values. The absolute value of the slope was taken as the fractional dilution rate of the ruminal fluid (Grovum and Williams, 1973) .
Statistical Analyses
Data for Exp. 1 were analyzed as a 4 x 4 Latin square (not balanced for carryover effects) with a 2 x 2 factorial arrangement of treatments (Cochran and Cox, 1957) . Data over time were analyzed as a repeated measures design (Gill and Hafs, 1971 ). The original model contained effects of period, animal, forage, naloxone, forage x naloxone, time (either day or sampling time), animal x forage x naloxone x time, time x forage, time x naloxone, and time x forage x naloxone. The four-way interaction was used as the error term to test for effects of forage level, naloxone, and forage level x naloxone. The initial analysis of intake data detected a naloxone x day interaction ( P < .05), so data were not composited across days. Therefore, data were analyzed by day as a 4 x 4 Latin square with a 2 x 2 factorial arrangement of treatments. The model for analysis of intake data contained effects of period, animal, forage, naloxone, and forage x naloxone. Data for Exp. 2 were analyzed as a repeated measures design (Gill and Hafs, 1971) . Model contained effects for naloxone injection, animal, period, animal within naloxone injection, and naloxone injection X period interaction.
There were no treatment x sampling time or forage
x naloxone interactions ( P > .05) for insulin, GH, or urea N (intensive samples, d l), so the data were composited across time. However, there was a forage x naloxone interaction ( P < .05) for plasma glucose. Therefore, the model for glucose ( d 1 ) contained effects for period, animal, forage, naloxone, and forage x naloxone. There were day x treatment interactions ( P < .05) for daily urea N and GH concentrations.
Thus, the model for urea N and GH concentrations for daily samples included effects for period, animal, forage, naloxone, and forage x naloxone. Ruminal fill data and digestibility data were analyzed as a 4 x 4
Latin square by the GLM procedure of SAS ( 1982 1.
The model contained effects of animal, period, forage, naloxone, and forage x naloxone. In each case, when Ftests were significant ( P < .lo), means were separated by the method of least significant difference.
Results and Discussion
Intake
Analysis of feed intake data revealed naloxone x day interactions ( P < .05); therefore, intake data were analyzed by individual day. Main effect means for forage level and injection type are shown in Tables 2 and 3, respectively. Concentrate-fed heifers had increased ( P < .lo) intake compared with forage-fed heifers at all times measured except 4 h after feeding on d 3, at which time no differences ( P > . l o ) were observed. These results were expected and suggest that voluntary intake is highly related to dietary cell wall content and bulk density of feedstuffs. It should be noted that dietary CP levels were low in forage-fed heifers. This could also explain a portion of the reduced intake. In agreement with current data, Kawas et al. (1991) observed that DM intake increased as the f0rage:concentrate ratio decreased. However, Siciliano-Jones and Murphy ( 1989) fed varying levels of f0rage:concentrate ratios with diets of differing physical properties to dairy steers and observed no change in DM intake.
Naxolone-injected heifers ( . 3 mgkg BW daily) had decreased ( P < .lo) intake compared with those receiving saline on d 1 at 1 and 2 h after feeding ( intake were noted between naloxone and saline injections at any other time measured. Although not significant, it is interesting that at 1 h after feeding the percentage of intake reduction ( 5 2 % ) in heifers receiving forage and naloxone ( FOWNAL) compared with those provided forage and saline (FOWSAL) treatment (1.03 vs 1.98 g k g BW, respectively) was similar to the change (5 3 % ) between the CONC/SALtreated and the CONCNAL-treated heifers. Because intake was lower ( P < .lo) in forage-than in concentrate-fed heifers and standard errors were similar, no response in DM intakes to naloxone injection in forage-fed heifers was detected. However, numeric differences in forage intake associated with Exp. 1 was the rationale for designing Exp. 2. Intake data from Exp. 2 are summarized in Table 4 . No differences ( P > . l o ) due to naloxone injection were observed in forage intake during either period of Exp.
2.
There was a tendency ( P < .15) for naloxoneinjected animals to have decreased forage intakes at 2 and 4 h after feeding during Period 2. These results suggest that opioid peptides may not play a major role in regulating short-term intake in forage-fed heifers.
Fermentation
Treatment effects for ruminal fermentation characteristics (Exp. 1 ) are summarized in Table 5 . Ruminal ammonia concentrations (milligrams/deciliter) were higher ( P < .lo) in concentrate-fed than in forage-fed heifers, whereas ruminal pH was lower ( P < . l o ) in heifers receiving concentrate diets.
Concentrate-fed heifers had a higher ( P < . l o ) total VFA concentration (millimolar) than forage-fed heifers. Acetate proportions were lower ( P < .lo) in concentrate-fed heifers, whereas propionic, isobutyric, butyric, isovaleric, and valeric acid proportions were higher ( P < .lo) in these heifers than in heifers fed forage. Our fermentation data yielded typical results when comparing forage and concentrate diets. Merchen et al. (1986) observed that Suffolk wethers fed a 75% forage diet had a higher ruminal pH and molar portion of acetate in ruminal fluid than animals fed a 25% forage diet. Increased levels of dietary concentrates typically result in decreased ruminal pH (Hungate, 1966; Fulton et al., 1979) . However, Siciliano-Jones and Murphy (1989) fed diets varying in forage:concentrate ratios to dairy steers and saw no effect of diet on total ruminal VFA. In addition, Siciliano-Jones and Murphy ( 1989) reported that ruminal acetate production rates were greater for steers fed high-forage diets but propionate and butyrate production rates were not affected by diet.
Naloxone injection had no influence ( P > .lo) on ruminal pH or ammonia concentrations (Table 5 ). However, total VFA concentrations were decreased ( P < . l o ) in heifers receiving naloxone compared with saline-injected heifers. No differences ( P > .lo) in acetate or isobutyrate proportions were observed as a result of naloxone injection. Naloxone-injected heifers had higher ( P < .lo) propionate and isovalerate proportions but lower ( P < .lo) butyric and valeric acid proportions than heifers receiving saline. Reasons for this change in VFA patterns resulting from naloxone injection are unclear. Perhaps these results are partially explained by decreased intake of naloxone-injected heifers on d 1.
Digesta Kinetics
Forage-fed heifers had a greater ( P < .lo) liquid volume and rate of fluid flow than the concentrate-fed heifers ( Table 6 ). No differences ( P > .lo) resulting from forage level were observed in fluid turnover time or dilution rate. These data agree with those of Merchen et al. ( 1986) , who found that ruminal fluid dilution rate was not affected by level of intake or dietary forage level ( 7 5 vs 25% forage). They reported that turnover was not affected by intake but increased with the 75% compared with 25% forage diets. However, Merchen et al. ( 1986) did report that ruminal particulate passage rate increased when wethers were fed 75% forage compared with 25% forage. Owens and Goetsch ( 1988) reported that increasing roughage intake increased ruminal volume and fluid passage rates. In contrast to current data, Adams and Kartchner (1984) observed an increase in liquid dilution rate and a decrease in liquid turnover time (hours) with increasing levels of forage. There aP equals observed significance level for treatment means, n = 6.
were no differences ( P > .lo) in liquid volume, rate of fluid turnover, rate of fluid flow, or dilution rate resulting from naloxone injection.
Heifers fed the high-forage diet had greater ( P < .lo) DM, OM, and fluid fill (as measured by ruminal evacuations) than heifers on the concentrate diet ( Table 6 ). Numeric differences between liquid volume (estimated by CO dilution) and fluid fill (estimated by total evacuation) are probably best explained by differing measurement techniques. Recent data from this lab (Caton et al., 1994 ) demonstrated a much closer agreement between these two techniques. Reasons for the discrepancy between these two methods in this study are unclear. However, it seems that marker-based and actual measurements of fluid volume may not always be in close agreement. There were no differences ( P > .lo) in ruminal fill measurements due to naloxone injection, suggesting that aP equals observed significance for main effects of diet and injection, n = 40.
opioids do not play either a direct or indirect role in influencing ruminal fill to alter intake.
There were no differences ( P > .lo) in water intake due to diet or naloxone injection (Table 6 ). Baile et al. (198 1) observed that naloxone did not influence 4-h water intake in water-deprived sheep, but naloxone did decrease 24-h water intake. Reasons for this are unclear but probably were related to changes in DM intake associated with naloxone injection.
Digestibility
Digestibility data are presented in Table 7 . Heifers consuming the concentrate diet had greater ( P < .lo) DM, OM, and CP digestibilities than heifers consuming the forage diet. Based on NRC (19841, TDN values for these ingredients total 78 and 53%, whereas actual digestibilities determined in this study were 72.6 and 48.4% for concentrate and forage diets. Moreover, standard equations for predicting CP digestibility project 69.7 and 37.3%, whereas actual values measured were 71.5 and 38.5% for concentrate and forage diets, respectively. Digestibilities of NDF and ADF digestibilities were unaffected by dietary treatment ( P > .lo). Kawas et al. (1991) observed that as f0rage:concentrate ratio decreased, DM digestibility increased and NDF digestibility decreased. Naloxone injection had no effect ( P > .lo) on digestibilities.
Plasma Hormones and Metabolites
No treatment x sampling time interactions ( P > .05) were observed in d-l intensive samples for insulin, urea N, or GH concentrations, so data were composited across sampling time (Table 8) . Concentrate-fed heifers had higher ( P < .lo) insulin and urea N concentrations but lower ( P < .lo) GH concentrations than forage-fed heifers. These results might be expected because the concentrate-fed heifers were on a aP equals observed significance level for main effects of diet and injection, n = 8.
higher plane of nutrition and probably did not rely on lipolysis to support energy demands (Byers and Schelling, 1988) . Naloxone injection had no influence ( P > . l o ) on GH and insulin concentrations; however, urea N concentration was higher ( P < .lo) in heifers receiving the naloxone injection. Reasons for this increase associated with injection are unclear. Due to forage x naloxone interactions ( P < .05) in the d-l plasma samples, plasma glucose data were summarized as treatment means. These data (not shown) detected differences ( P < .lo) in glucose concentration (milligrams/deciliter) among all four treatments. Glucose concentration ( 7 6 . 8 ) of FOFUSAL-treated heifers was higher ( P < .l01 than that of heifers treated with FOFUNAL (75.21, whereas the CONC/ SAL glucose concentration (89.0) was lower ( P < .lo) than the CONC/NAL glucose concentration (92.1). These results suggest that naloxone alters glucose concentration differently in forage-fed and concentrate-fed heifers. The biological significance and mechanism for this effect is unclear. Cheema et al. (1989 Cheema et al. ( , 1991b found no effect of naloxone on serum insulin, GH, glucose, urea N, or NEFA in sheep fed forage diets with or without protein supplements. In addition, naloxone administration has not altered blood insulin or glucose concentrations in humans (Morley et al., 1983) . In agreement with the above work, Alavi et al. ( 199 1) observed no changes in plasma insulin, glucose, and NEFA due to naloxone injection.
Results of daily blood sample analyses are presented in Tables 8 and 9 . No treatment x day interactions ( P > .05) were observed in insulin, glucose, and NEFA concentrations of daily plasma samples; therefore, these data were composited across days. Concentrate-fed heifers had higher ( P < .lo) insulin and glucose concentrations but lower ( P < .lo) NEFA concentrations than forage-fed heifers. This difference can be attributed to the difference in plane of nutrition. Heifers receiving the naloxone injection had a higher ( P < . l o ) insulin concentration than heifers that received the saline injection. This result conflicts with the results of Cheema et al. (1991b) and Alavi et al. ( 199 l ) , who observed no effect on insulin concentration as a result of naloxone injection.
Urea N and GH data (Table   9 ) could not be composited across days due to day x treatment interactions ( P < .05). The concentrate-fed heifers had aP equals observed significance level for main effects of diet and injection. bFor CONC, FOR, SAL, and NAL; n = 39, 40, 39, and 40, respectively. In the case of urea N, growth hormone, and NEFA n = 39. 'No treatment x time interactions ( P z .05); therefore, data were composited across time. dNo treatment x day interactions were present ( P > ,051; therefore, data were composited across day. aP equals observed significance level for main effects of diet and injection. bn = 8 except on d 5, which had a missing sample ( n = 7 ) .
higher ( P < .lo) urea N concentration throughout the 5-d collection period than heifers receiving forage. This can be attributed to the difference in plane of nutrition. Growth hormone concentration was lower ( P < .lo) for concentrate-fed heifers on d 2 and d 4, but no differences ( P > .lo) were observed on other days measured. There were no differences ( P > .lo) observed in daily plasma samples for urea N concentration resulting from naloxone injection. These results agree with the work of Cheema et al. (1991b) .
However, on d 4 the naloxone heifers had a higher ( P < .lo) GH concentration than saline-injected heifers.
Implications
Naloxone injections decreased concentrate intake up to 2 h after feeding in dairy heifers. Little effect of naloxone injection on forage intake was observed. It seems that opioid systems blocked by naloxone have little role in regulating intake in forage-fed cattle. In addition, naloxone injection altered ruminal fermentation patterns and consistently altered baseline plasma insulin concentrations, indicating a potential role of opioid peptides. Feeding concentrate diets will increase intake, digestibility, and ruminal fermentation. Providing a higher plane of nutrition alters digesta kinetics and plasma hormone and metabolite concentrations.
